 (BrJ Ophthalmol 1994; 78: 791-794) 
Age-related macular degeneration (ARMD) is a leading cause of irreversible vision loss in the United States, United Kingdom, and other developed nations."' This disease affects 20-30% of people over the age of 75. 7 Since this section of the population is expected to increase dramatically during the next century, ARMD is a public health problem of severe and growing proportions.8 Although some risk factors for ARMD have been identified, its cause remains unknown. ' 12 An improved understanding ofthe aetiology and pathogenesis of ARMD at the cellular and biochemical level is crucial to developing improved treatment and hopefully even prevention of this disease.
It has been suggested that ARMD may result in part from a cascade of events initiated by reactive oxygen species.79 314 These reactive oxygen species may damage lipids in the outer segments of photoreceptors and lead to progressive deterioration of the retinal pigment epithelium (RPE).9 '5 Others propose that circulating reactive oxygen species could damage the choriocapillaris and lead to ARMD.'3 Deficiencies of select trace elements, such as zinc, have also been implicated in the vision loss caused by ARMD.' '8 Accordingly, we report the results of a casecontrol study of patients with ARMD aimed at detecting possible alterations in enzyme activities which have critical roles in cellular defence against reactive oxygen species Patients and methods All patients examined in the UC Davis Department of Ophthalmology by the authors (LM and SC) from September 1989 through September 1992 were considered for this study. Thirty six subjects were entered into the study based on the criteria listed below. This study was approved by the UC Davis, human subjects committee. Subjects with diabetes, a major systemic disease, or a visually compromising eye disease were excluded from the study. Patients with visually significant cataracts were also excluded along with all individuals taking zinc supplements or high dose vitamin supplements. However, subjects taking a multivitamin supplement were not excluded. These multivitamin supplements contained 100% to 200% of the recommended daily dietary allowances of vitamin A (5000 IU), vitamin C (60 mg), and vitamin E (30 IU). '9 Patients included in the ARMD group had a Snellen visual acuity of20/40 or worse and had to have at least 10 Participants in the study were asked a standard series ofquestions. This patient history questionnaire focused on previously identified risk factors for ARMD.9 Each subject had visual acuity testing with best correction, slit-lamp examination noting any media opacities, and applanation tonometry. The fundus was examined in all subjects using either contact or non-contact lens biomicroscopy. Fundus photographs were taken in most patients and fluorescein angiography was done only when clinically indicated.
At the time of examination, venous blood was drawn into a heparinised tube free from trace element contamination. Those that processed the blood and performed the assays were masked to the subjects' diagnoses. Aliquots of whole blood were stored at -70°C for subse'quent analysis of glutathione peroxidase and glutathione reductase activities. The remaining blood was centrifuged at 1700 g for 20 Results of antioxidant enzyme activities are presented in Table 3 . Glutathione reductase activity was significantly lower in ARMD subjects compared with controls (p=0035). The activities of glutathione peroxidase and erythrocyte superoxide dismutase were similar between the two groups.
Logistic regression was used to determine which of the antioxidant enzyme activities were associated with disease status after adjusting for possible confounding variables: smoking history, age, multivitamin use, and cardiovascular factors including stroke, hypertension, angina, myocardial infarction. All six patients with myocardial infarction were in the ARMD group (significant by two tailed Fisher's exact test, p=0-019) so these cases were excluded from the logistic regression analysis. The only variables which were found to be significantly related to disease status by logistic regression analysis were glutathione reductase activity (p=005) and glutathione peroxidase activity (p=0065). The odds ratios associating decreased enzyme activities with ARMD were 1 63 (95% confidence interval=1 0 to 2-8) for glutathione reductase and 1 36 (95% confidence interval=1 0 to 2-0) for glutathione peroxidase.
Discussion
Given that the prevalence of ARMD is strongly correlated with age, it is reasonable to speculate that the deterioration of the neurosensory macula, the RPE, and the choriocapillaris in ARMD may be secondary to mechanisms associated with the aging process. While the process of aging is poorly understood, several theories have been proposed to help explain events leading to decrease viability and eventually death in a seemingly time programmed manner. One of the leading theories of aging links damage caused by reactive oxygen species to several known aging processes. 24 Reactive oxygen species are molecules which contain an unpaired electron making them highly reactive. This high reactivity leads to toxic effects on more stable molecules. Reactive oxygen species are produced in all tissues during aerobic metabolism and they can also be formed by photochemical reactions.525 Since the Low glutathione reductase and peroxidase activity in age-related macular degeneration retina is metabolically very active, exposed to high oxygen concentrations, and exposed to focused light energy, it is subject to high concentrations of reactive oxygen species. Some Seventy years later, in 1953, the great increase in commercial air travel led the next generation of eminent ophthalmologists to consider the question of pilots' vision, the Civil Aeronautics Administration having announced (unsurprisingly) that candidates with normal vision were more likely to succeed at flight training. However, it was concluded that candidates with defective vision managed quite well if they lived to become suitably experienced. Therefore, the CAA decided to accept future trainees with defective vision, providing that their performance on landing was scrutinised before awarding them a licence! The ophthalmologists had no quarrel with this, but considered that possibly central and peripheral vision should be tested separately, as diseases such as retinitis pigmentosa could affect the latter only. (It was commented that this afffiction made approach shots at golf rather difficult.) However, one ophthalmologist knew an Imperial Airways pilot with retinitis pigmentosa who asserted that the worst moments of his day were crossing Victoria station in the mornings and evenings. The company concluded that high visual acuity may not, in fact, be paramount in flying. (NB For those who feel worried, the CAA now insists on 6/9, 6/9 with satisfactory colour and peripheral vision.)
With regard to trains, the Snellen test was employed to yield a standard of vision allowing a driver to see the rails up to the next curve, and for those who drove electric trains in a closed cabin, spectacles could be worn. This was felt to be satisfactory. With visual standard for motor drivers, mortality statistics (15 fatalities a day) raised cries of 'something must be done', until it was stated that more accidents occurred in the home. ' To be logical, therefore, we should not stay at home, but should seek the relative safety of our motor cars,' stated the President, and having apparently exhausted their ire on ships and planes, the company turned to other matters.
